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/ The Geani launch es:cpe modes heave been tailored to the design and .
dynamie characteristics of the launch vehicle zard spacecraft. 3Before Jr
the pilot's role is discusced with respect to the operation of the
cscape system, a brief review o) the spacecraflt and the lounch venicle

configuration will show wiy 1t has been possible and desirable to include

& flight crew in the abor: decizion loor.

CEMIND LAUNCH SEQUEANCE SYSTRM
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The Gemini spicecraft incorporated wanuil cequence system S0

conbrol the major spacecrilt sequences cnd system operations. This

concept is in contrast vo “he Mercury spacecraft decign where uwumanned

orbital flights recquired in automatic scgquencing system invelving

numerous timers and interlocks.

The launch vehicle for Gemini is the standard Titan IT wodizic.

attain increaced mission roligbility and pilet safevy. \s shown 1t

Tigure 1, redundant guidance, autopilot, and Yydraulic control syst..s
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have been provided. A relundant hydraulic control systom is standard
on most modern cireraft. This Gemini backup system can be triggercd

manually or automatically. )

A primery arez of coscern in mennad launch vehicles is dynamic

behavior in the evenv ol nuddonce or T

-

P
dynamic-pressurc flight r>ijime. Aerodyrnamic iastabilicy will cause the
Gemini lsunch vehicle to 13 verge to breakup attitudes within 1 second

when control failure occurs at maxismum dynamic presivre. oo

need for immediate switching unler this condition, the

and control system 1s autwmietic:lly triggercd. Automatic switehing
accomplished by abriormal rste gyro

low~hydraulic pressure, o loss of

switching level for the filrst siage

and yaw and 12 degrees pe~ secord in roll.

where no serodynawmic divergence is involve

ra

to 10 degrees per second 'n piich and vaw.

initliated if guildance or ccntrol maelfunctions cause
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which is sensed by the pi ct or by groun tracidng. It iz

design action has been talien to reduce the possibility of catastrorvre

due to guldance or contro.. failures

Based on a therough railure analysis by Murtin-Marietta Coro

Aerospace Corp., and the Ilational Aeronautics wnd Space Administration

- ey

additional malfunction seisors are incorporated. The malfunction




perameters whlch are sens2d in the launch vehicle and displ
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1. Tuel-tank nressuroe (Stages I ard IT)

2. Oxidizer-tank pressure (Stages I and IT)
7. IBnginc-chamber prossure <Sud”>b I and II)
Y. Primary-suidance or control Tailure

5. IExcessive rates

6. Steging signal

yea in the

Stage tank pressures cre critical beeause of siructurcl and Dw.

suction head requirements. Tiguire 2 shows various preszure time his

5

tories for the Stage I fu:l ianx. The two top curves indicaic normal

o

excursion envelopes of gas ullae presiurce. Taie Tuel tank is pressur-

ized by fuel-rich exhaust products frow the turbo purmp. The structur:

threchold curve sterts

0]

about 3 psi above embient pressire at 50 seconls (qu1mum dynaomic

Pressure) and increases beyond €0 seconds becaise of tank stresses &

to increasing axizl acceleration. Puap suctior head limits in terms

tank ullage rressure are stown. At perliods greater than 70 zeconds

bump head requirements are more critical than “he structural requiran

the plot shrown in f1
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Superimposed on

resulting from two kinds of mal-uncsions: a br-oken autogenous

i -
CI1le

Pressurizing line ernd an ullage leak oi' 2 squae inches. Ivro

=

pilot's standpoint, the critical time Tor theso types of failures is

2 are tank pressure historie

U at awbient pressure at liftoff, increases to

near 1ifvoff when ullage volume is small and uw.lage pressure decreases
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rapidly. Tark pressure roquirenents as a funciion of time are very
ponlinear. This type of perameter can best be monitored manuslly.
I an avtomatlc malfuncliorn sensor were designed to follow these

N e s L 47 - 3 - - 5
pressure curves, 1t would be nonlirear and comlex.

Figure 5 is a photogreph ol the luwich vehicle displays in the
spacceraft. The tank pre: sures are disployed on vertical meters with two
iadicators per tank. There meters have two secondary uses. If the left
3¢t of needles is rapidly driven upward Iull scale, it is an irndication
tnat the primary guidance power system his failed. When 21l four of the
Stage I tank pressure indicators peg out, it it an indication of physical
staging. The numbers in ihe certer of the Stare I display are time

markings which indicate tle strivctural limits o¢f the tanks as o Tunction

)

of time. The crosshutched area In the lower pcrtion of the Ticure

indicuates to the pilot the Hump head precsure requiremernt. The snnll
dlamond-shaped symbol in the Stege IT disploy indicates tho minimum

pressure for Stage IT cngine start.

Engine chamber-pressurce lights above tue tink pressure indicators

are activated if either Stuge I or Sitage I1 choober pressures drop

i

. - ) < T o 1 i Turins
below 05 percent. Consequzntly, the Stace I1 cagine light is on during

Stage I flight and is extioguished ot stoging.  The Titen IT stosing

sequence involves ¢ simple iire-in-the-hcle tecanique where the second

(]

stage 1s ignited before sex.ration from Stage I and before Stoage

thrust has completely dccayed. This procedure =liminutes the need for

~
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wllage rociets. One might rationalize thaet physical acceleration cues

would negzte The need for wn engine status indication. IHowever, partial
lossesz in thrust are not ilways immediately detectable; consequently, a

visual indication of chamoser prossurz ig desirzble.

The staging lignt is I1lluminated Dy the stezing signal and i

[42]
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extinguiched 1 second lat2r when physical separation occurs.

* The rate light is triggered at Lb-degrees-oser-second vitch and vaw

rates frcm the rate gyros In the launch vehicl:. The launch vehlcelce
fyro outputs are filtered 1o readuce thelr respinse to the lounch vehicle
natural bending wmoces, Tais dircrete indicatisn of launch vehicle
overrate can be cross-che:led with rates which are measured in the

spacecrait and displayed or analog needles supsrimposed on the eight-

ball attitude indicator.

d.

D]

systenm is select

¢

The digital timer loceted near the launch vehicle displays ic very

Tigure 4 shows the tlwee Gemini launch escape modes. Ejection
seats are used from the leunch pad to cn altitnde of 70,000 feet. ibdove
70,000 feet, the spacecra:'t drag has roduced suificlently to permit

separation of the spacecrdft by salvo {fire of —he retro-rockets. Ior




the top section of the adapter is retained arnd the

nd

forwvzrd. The zdapter scection 1s separated at 2pogee of the escape

trajectory. After staginz, when dynamic pressure is negligible, the
cseape mode involves shutting down the booster and separating with the

Rt

itranslational rendezvous propulsion systenm.

The escape halches axd the ejection seats are wrigrered by the
actuation of either pilot's D-ring located on the Torward portion of

the seat. The launch vehicle 1 shut down and the retro-rocketl

n
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fired by & control on the left tonsole. The maneuver rockets are fired

bty a transletional control handle located just above the pilo

ct

Imee. Figure 6 shows the location of these coatrols in the spacecral<.

LAUNCH SIMULATTON FROBLE
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displays and to cornfirm

launch vehicle and take iz
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reguired. The simviator chosen

for this study was the moring vase aerospace

Ling-Temco-Vought, Inc. . photegrepn of the simulator is shown in

Tigure 7.

Three degress of argwlar frcedom were avallable in the wmoving base

cockpit with adequate disnlacement and washout capabilities to simulate

suall perturbations of the normal vehicle acce.erations. In addition




@ pltch rotation or £100 icgrees from the horizonital permitied 2 partial

simulation of the direction and magnitude (up to 1 g) of axial sccele-
ratlons.  The cockpit motions were accomplished with hydraulic servo
lechanisms driver by analo>;s signals. The coékpit was rotated ;n pitch
to D7 degrees from the hoslzontal for tre launch rosition. At liftolf
the cockplt wus ro wicd feom 57 degrecs to 75 dcgrecs, producing the

censavion of Lift-olf thrant to the pilct. Th: cockpit then continucd

Hh

1o rotate up to 90 degrces, representing he first few seconds of
zeceleration after launch. Tor abrupt changes in axilal acceleration,

cuch as staging and loss >f thrust, tho cockplt was rolated

downward.
The combination of eiine cnd zerodynar noisc was simulated by
o high fidelity spcaker gritem located in the istrodome sirroundine Lhe

Lo

1

cockpit. The nolse spectimim was reproduvced Trom an scbual couk it

recording obtained during ¢ Mercury-Atias launch. The wmoxis

level inside the closed cockpit nesr the pilot s head was 104 docibels
which occcurred at waximum dynamlic pressure. Corresponding noicc

deviations were programed es applicable for each sirtlated malfunct:ion.

The simvlatiorn progrem invelved 5L wmalfunction runs representin

nine major types of malfuictions which are as ollows:

[

1. Pertial lcss of ihrust - one c¢nuine (St&ge 1)

2. Total loss of thiust - one engine (Stuge I)
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Total loss of thrust - both engines (Stage I)

ul

o

taging failures

i
n

ank (fuc' and ox~alzer) pressure losses

\J
e

6. Roll melfunction (Stage I)

7. Direct-current pover Ffailure

8. Instrumeni malfuiciion

9. Display-light failure
The'selected malifunctions vere tased on failurs analysis data for he
Titan IT launch vehicle. Technical personnel from NASA and Ling-Temeco~
Vought, Inc., established the number of runs for each type of malliunction,
end the time that the malfincticns were to begin. The selection was hased
on the criticality of the walfunctions with respect to ant icipated
pilot difficulty ir detec:ing ard evaluating t1e cues and the response
time for taking corrective acticn. Normal lawich vehicle runs were
interspersed throughout the simulation. The most difficult malfunction
runs were selected for us: in the simulation rogardless of their

probability of occurrence in accual Tlight.

The NASA astronauts who participabed in the sivulotion wore siven

nly 1 day of indoctrinaet:on. Iach pilot was scheduled Tor

75 rins, &5 runs having malfunciions and 10 being normal. Each of <re
51 malfunction runs was pyeﬁented to the pilots at least once, and the
1k most difficult runs weire presented wice o each pilot. The runs
rere ;éndomly distributed so thut the pilots hud no way of knowirp which

problem would be presentec. next. They were awire of the general nature




of" tne poscivle malfunctions, but they were nct aware of the time during

flight at which the malfuactions were programed.

A PR G DS -~ o~y v A oy - 3 T Ay -y A PP B A .
A digital computer controlied simulzator attitude

[47]

the magnetic tapes. With the exception of pilot action which compleied
the runs, the simulator was operated in an open loop configuration. In
adition to the launch-vehlicle-rclated displays, the cockpit contained

a Dering ejecticn seat Aalulb, taunch vechicle shutdown arnd

ebort handle, and a seconiary guldance switch. The pilot's control
response t0 each mwn was recorded, as was his verbal assessment of each

rvn.,

It becane readlily appurent Lo the pilots that the most critical

malfunctions were engine f{uilures or =irk pressure losses
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after 1iftolT or irmediat:ly after staging. The critical engine rallures
3

were readily detectable tarough redundant cues, includins decrease in
y J O

sound level, decrease in icceleration, end illuminztion of the combusiion
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ilot reactica time to this failure wos as low

D
[¢)
O
]
fon
.

zs four-tenths of @& ¢ Resction wime reqairements varied from

¢pproximately 1 second to 27 minutes, depending upon the type and

of mulfunction Several ST the melfunctions, such as sensor Ffailures
2

and gradual tank pressure losses were noncritizal and requirad no abors
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cues such as is the case vith ergine failure. Tank pressure losses

by redundant —ransdicers driven by redundant power sources




&nd nresented on redundant meters. For tank pressure failures which

occurred after the first 5 seconds, the rate of decay was relatively

clow. The pilots were able to let the pressur: graze the siructural
1imit or were able to wzi: until the pressure iropped to within 1 psi

cf the structural margin »efore teking abort aztion.

o =

With only 1 dey of familiarization and with partially developed
Gisplays, the pilots were cble o analyze and react correctly to the
critical malfunctions. I: becane clear during thic simulation that the
pilot's presence in the sort control loop provides the potential to
ave missions which would »robatly be aborted oy an asutomatic systen.
Extreme monitoring accura:y should be possible afier instrument
development has been completed and the pilets have received the inbensive

Tamiliarization and training Vh ch will preced: a wanned Gemini fiight.

A manual sbort systen will provids adaod dperational flexibility

the Tlight crzs to choose an auore time which i
o

the possibility of abortis st hich dynanic pregsure; Lo choose optlmum

sbort times compatible with conbingency recovery arcas; and to reduce

the probobility anc the rick involved with an Inadvertent abort.

There is good analogy here to wlrcralt opera

pilot by using his flight instruacnis, engine displays, and physici. cues
is able to assess wccurataly tho velidity and seriocusnces of variox
warning or malfuncticn inllcations.

-




Ip suwmmary, Gominl wission relisbility and crew safe

cnpanced by incorporating a redundant

nanual launch vehicle monitoring systen.
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